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ABSTRACT
Objectives: To estimate the health service use over
9 years after the injury year for patients with traumatic
brain injury (TBI), spinal cord injury (SCI) and pelvic
fracture (PF), and compare with non-injured.
Design: A register-based cohort design with a 9-year
follow-up period.
Setting: The Danish population.
Participants: The study included 434, 100 and 278
hospital-treated incident patients with TBI, SCI and PF,
respectively, among 20-year-olds to 64-year-olds
identified using the National Patient Register. Controls
for each patient group were drawn from the population
register, matched by age, sex and health service use
during 1995. All were followed during 1996–2005 by
linkage to national health registers. The observations
were excluded when the patients left Denmark or died.
Outcome measures: The use of hospital treatments,
contacts with general practitioners and the use of
physiotherapy.
Results: Compared to the controls, more patients with
TBI and SCI were hospital admitted all 9 years after the
injury year, on average 0.36 and 0.50 times annually,
respectively. For patients with PF hospital admissions
returned to baseline year 2 after the injury year. For
patients with SCI the use of general practitioner services
remained at an increased level year 9 after the injury
year, while it returned to baseline level year 4 after the
injury year for patients with TBI and year 2 for patients
with PF. For patients with SCI physiotherapy use
remained increased over 9 years after the injury year,
while it returned to baseline the fifth year for patients
with TBI and the third year after for patients with PF.
Conclusions: TBI and SCI increase the use of health
services over 9 years after the injury year, while most
health service use after PF returned to baseline 2 years
after the injury year.
INTRODUCTION
Injury patients may have disabilities and pain
complaints for years1–4 resulting in a high
use of health services many years after the
injury. Three injury groups are important
due to their severity and long-term effects:
traumatic brain injury (TBI), spinal cord
injury (SCI) and pelvic fracture (PF).
Depending on the spinal cord level of the
injury, SCI may cause permanent paralysis
and consequently other somatic health pro-
blems. Hence, the demand for health ser-
vices among patients with SCI is generally
high.5 In high-income countries, TBI is a
leading cause of mortality and disability
among young individuals,6 and often causes
permanent disabilities.7 Patients with PFs
have a high mortality,8 and PF may result in
chronic health problems.9
Previously, a number of studies have
reported the long-term effect of severe injur-
ies as measured by the use of health ser-
vices.5 10–12 However, most studies only
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include data on healthcare contacts up to 1 year after
the injury, with the exception of two studies that analyse
the long-term consequences of SCI.5 13 The Danish
National Health Registers enable us to identify patients
with TBI, SCI and PF, and to conduct a long-term
follow-up of their health service use compared to a
matched reference group of non-injured. The purpose
of the present study was, thus, to provide further knowl-
edge of the burden of these three types of severe injur-
ies as measured by hospital contacts and use of primary
healthcare services.
METHODS
The study is based on a cohort design using register
information to identify cases and the health service use
over a 9-year follow-up period. The population studied
were Danish residents during the year 1996. Patients
with TBI, SCI and PF were identiﬁed using the Danish
National Patient Register.14 The register contains infor-
mation on all contacts with Danish hospitals, including
hospital admissions, emergency department contacts
and other outpatient treatments from 1995 onwards.
Three categories of severe traumatic injury were
included, TBI (ICD-10 diagnoses S06.1–S06.9), SCI
(S14.0–1, S24.0–1, S34.0–1, S34.3, T06.1, T09.3), and PF
(S32.3–8). Cases were identiﬁed in the National Patient
Register 1996 as 20–64-year-olds with one of these spe-
ciﬁc diagnoses and registered as a new patient, either as
hospital admitted or treated at an emergency depart-
ment. Patients who died immediately after the injury are
typically not registered with an injury diagnosis and are
therefore not included. In order to include only inci-
dent cases, persons registered in the National Patient
Register 1978–1995 with one or more of these diagnoses
were excluded from each case group. Patients were also
excluded if they were hospital treated for other injuries
during 1996 that may cause lifelong disability.15 For each
of the three case groups controls were selected ran-
domly from the Danish population at baseline (1995),
matched by 10 years age groups, gender and health
service use during the year 1995 (hospital admission, yes
or no; outpatient treatment at a hospital, yes or no; use
of general practitioner (0–1, 2–4, 5–9, 10–19, 20+ser-
vices); use of physiotherapy, yes or no). The use of 1995
for the year of matching was to avoid bias. Four controls
were selected randomly for each case. This may result in
a possible overlap between the three control groups.
All data about health service use are registered using
the unique person number that makes it possible to
obtain information about health service use in the study
and control groups during the whole period.
Information on health service use was retrieved from the
National Patient Register and the National Health
Service Register.16 The outcomes were for each of the
calendar years 1995–2005: number of hospital admis-
sions; number of treatment days as hospital outpatient;
number of services from general practitioners (GP);
number of treatment by physiotherapists. The number
of GP services may be higher than the number of con-
tacts, as several services may be offered during a single
contact (eg, blood tests). Information on migration and
mortality was obtained from Statistics Denmark and the
Cause of Death Register. Except for 1996 observation
years for patients and controls were excluded if the
patient died or emigrated during or before the year.
The amount of health service use was divided by the
number of observation years.
For each of the years 1996–2005, in the following
called years 0–9, the use of health services for cases was
compared to the controls using the Mann–Whitney–
Wilcoxon rank sum test (PROC Npar1way, SAS V.9.2).
Table 1 Mean number of hospital admissions from years −1 to 9 among patients compared with controls
Number of admissions among cases; and controls
Year
Brain injury (n=434 at
baseline)
Spinal cord injury (n=100 at
baseline)
Pelvic fracture (n=278 at
baseline)
−1 0.23; 0.19 0.38; 0.27 0.33; 0.25
0 2.18; 0.16*** 1.60; 0.18*** 1.37; 0.20***
+1 0.55; 0.17*** 0.94; 0.16*** 0.49; 0.17***
+2 0.28; 0.18* 0.46; 0.16*** 0.32; 0.21
+3 0.30; 0.21* 0.44; 0.16* 0.20; 0.22
+4 0.29; 0.19** 0.38; 0.17* 0.33; 0.22
+5 0.22; 0.20 0.25; 0.13 0.37; 0.21*
+6 0.25; 0.24 0.56; 0.14*** 0.36; 0.18
+7 0.32; 0.24* 0.45; 0.13*** 0.32; 0.19
+8 0.28; 0.25* 0.48; 0.17** 0.25; 0.25
+9 0.29; 0.24* 0.61; 0.14** 0.27; 0.24
Mean per year, year
1–9
0.36; 0.23*** 0.50; 0.15*** 0.42; 0.23***
Year 0 is the injury year (1996).
*Significantly more admitted than controls (p<0.05). **p<0.01, ***p<0.001.
2 Laursen B, Helweg-Larsen K. BMJ Open 2012;2:e001521. doi:10.1136/bmjopen-2012-001521
Health service use after trauma
The purpose of the tests was to determine whether the
observed differences between the cases and control
groups could be due to chance.
RESULTS
Traumatic brain injury
According to the National Patient Register 1996, a total
of 480 persons were treated at a hospital with a diagnosis
of TBI and recorded as incident cases. When removing
patients treated for TBI the previous years, 434 were
found to be real incident cases and included in the
study. Of these, 313 (72%) were admitted for more than
1 day. Their mean age (SD) was 41 (13) years and 70%
were men. Nearly half of the injuries (181) were road
trafﬁc injuries, mostly as car drivers or passengers
(n=76) or bicyclists (n=60). Forty-two were workplace
injuries, 24 were caused by interpersonal violence and
15 were sports injuries. About one-quarter (102)
occurred at home. Of the non-trafﬁc injuries 151 were
due to falls, half of these from a higher level. Of the
falls 60 occurred at home, 21 during paid work and 7
when performing sports. The most common ICD-10
diagnoses were S06.2 (diffuse TBI, n=190), and S06.5
(traumatic subdural haemorrhage, n=86). During the
follow-up time 127 died, of these 89 during 1996.
Thirteen left Denmark during the follow-up period.
Among the 1736 controls 116 died and 55 left Denmark
or were not found in the population register. The mean
follow-up time was 7 years for the cases and 8.9 years for
the controls. Eight of the controls were common to the
PF controls, and two were common to the SCI controls.
After the injury year, the mortality in the injured group
was 0.013/year, which is higher than the 0.008/year in
the reference group (p=0.003). Compared to the con-
trols, patients with TBI were signiﬁcantly more often
admitted to hospital years 1–9 after the injury year
(table 1), and more often treated as outpatients years
1–6 after the injury year (table 2). The number of GP
services was increased years 1–3 after the injury year
(table 3). The use of physiotherapy was larger compared
to the controls years 1–4 and 8–9 after the injury year
(table 4). During the years 1–9 patients with TBI were
on average annually admitted 0.36 times, treated as out-
patients 3.54 days, had 8.23 GP services, and were
treated by physiotherapists 9.2 times.
Spinal cord injury
In 1996, a total of 157 persons were treated at a hospital
due to SCI and registered as incident cases. When
removing patients treated for SCI the previous years, 100
were found to be real incident cases and included in the
study. Their mean age (SD) was 34 (11) years and 69%
were men. Nearly half of the injuries (n=48) were road
trafﬁc injuries, mostly as car drivers or passengers
(n=26). Eleven were workplace injuries, seven were
sports injuries, and violence caused six of the injuries.
Nineteen injuries occurred at home. Twenty of the non-
trafﬁc injuries were due to falls; half of these were from
a higher level. Of the falls nine occurred at home, four
during paid work and four when performing sports.
The most common ICD-10 diagnoses were S14.1 (injur-
ies of cervical spinal cord, n=55) and S24.1 (injuries of
thoracic spinal cord, n=21). During the follow-up time
three died, none during the injury year. Four left
Denmark or were not found in population registers.
Among the controls 10 died, and 22 left Denmark or
were not found. The mean follow-up time was 9.2 years
in the case group and 9.1 years in the control group.
Two of the controls were common to the TBI controls,
and one was common to the PF controls. The mean
mortality during years 1–9 was 0.003/year in both the
case and the control group. Throughout the follow-up
period patients with SCI were more hospital treated as
inpatient or outpatient compared to the control group,
with the exception of year 5 for all treatments and years
5 and 8 for outpatient treatments (tables 1 and 2). The
Table 2 Mean number of outpatient treatment days from years −1 to 9 among patients compared with controls
Number of treatment days among cases; and controls
Year Brain injury Spinal cord injury Pelvic fracture
−1 0.71; 0.69 0.88; 1.05 0.69; 0.88
0 1.98; 0.79*** 0.92; 1.08** 1.79; 0.92***
+1 3.00; 0.89*** 1.47; 0.86*** 2.12; 1.03***
+2 2.96; 0.98*** 1.50; 1.01*** 1.33; 1.01***
+3 1.80; 1.24** 1.76; 1.00*** 1.26; 1.19*
+4 1.47; 1.41* 2.01; 1.60** 1.44; 1.21**
+5 1.86; 1.34 1.67; 2.22 1.91; 1.26*
+6 2.03; 1.46** 1.89; 1.19** 1.69; 1.50*
+7 2.83; 1.83* 1.86; 1.62** 1.86; 2.12*
+8 2.02; 1.49 2.08; 1.31 2.49; 1.53
+9 1.93; 1.61 2.37; 1.12*** 1.61; 1.60
Mean per year, year 1–9 2.20; 1.41*** 1.79; 1.34*** 1.87; 1.43***
Year 0 is the injury year (1996).
*Significantly more treated than matched controls (p<0.05).**p<0.01, ***p<0.001.
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number of GP services was increased throughout the
follow-up period, and so was the physiotherapy use
(table 3). During the years 1–9 patients with SCI were
on average annually admitted 0.50 times, treated as out-
patients 2.97 days, had 9.9 GP services, and 18.3 treat-
ments by physiotherapists.
Pelvic fracture
In 1996, a total of 286 persons were hospital treated due
to PF and registered as incident cases. Where removing
patients treated for PF the previous years, 278 were real
incident cases and included in the study. Their mean
age (SD) was 43 (12) years and 52% were men. About
one-third of the injuries (n=104) were road trafﬁc injur-
ies, mostly as car drivers or passengers (n=55) or bicy-
clists (n=25). Thirty-two were workplace injuries, 30 were
sports injuries and violence caused one of the injuries.
Eighty-eight injuries occurred at home. Of the non-
trafﬁc injuries 128 were due to falls, 73 from a higher
level. Sixty-six falls occurred at home, 15 during paid
work and 11 when performing sports. The most fre-
quent ICD-10 diagnoses were S32.5 (fracture of pubis,
n=122) and S32.8 (fracture of other and unspeciﬁed
parts of lumbar spine and pelvis, n=94). During the
follow-up time 48 died, of these 10 during the injury
year. Eight persons left Denmark or were not part of the
population register for other reasons. In the control
group 68 died and 30 left Denmark or the population
register. The mean follow-up time was 8.1 year for the
cases and 9.1 years for the controls. Eight of the controls
were common to the TBI controls, and one was control
to the patients with SCI. During the years 1–9 the
injured group had a higher mortality (0.017/year) com-
pared to the reference group (0.007/year, p<0.0001).
The excess mortality occurred mostly during the ﬁrst
3 years after the injury year. Compared to the controls,
patients with PF were signiﬁcantly more treated as outpa-
tients the years 1–7 after the injury year (table 2), and
Table 4 Mean number of treatments by physiotherapists from years −1 to 9 among patients compared with controls
Number of treatments among cases; and controls
Year Brain injury Spinal cord injury Pelvic fracture
−1 1.28; 2.47 11.03; 5.31 3.84; 2.00
0 4.27; 2.61*** 15.49; 6.73** 8.29; 2.63***
+1 8.83; 2.66*** 27.21; 4.10*** 12.68; 2.72***
+2 13.10; 3.20*** 27.72; 4.47*** 10.96; 2.50**
+3 14.29; 3.58*** 20.49; 5.00*** 8.47; 2.58
+4 12.93; 3.93*** 19.74; 5.44* 8.38; 3.25
+5 8.94; 3.32 16.01; 3.54** 6.17; 2.03
+6 5.04; 2.27 12.41; 1.63*** 2.67; 1.20
+7 4.93; 2.11 12.50; 1.57*** 2.18; 1.52
+8 5.99; 2.05** 13.30; 1.74*** 2.09; 1.71
+9 5.96; 2.33* 13.23; 1.45*** 2.59; 1.75
Mean per year, year 1–9 9.21; 2.87*** 18.29; 3.18*** 6.20; 2.12**
Year 0 is the injury year (1996).
*Significantly more treated than controls (p<0.05).**p<0.01, ***p<0.001
Table 3 Mean number of GP services from years −1 to 9 among patients compared with controls
Number of GP services among cases ; and controls
Year Brain injury Spinal cord injury Pelvic fracture
−1 7.31; 7.24 6.60; 7.72 7.36; 7.27
0 8.55; 6.59*** 8.49; 6.99*** 10.21; 6.56***
+1 8.62; 6.48*** 9.31; 6.68*** 9.67; 6.94***
+2 8.44; 6.63*** 10.02; 7.26*** 9.06; 7.13
+3 7.80; 7.04* 9.94; 7.15** 8.40; 7.07
+4 7.81; 7.19 9.84; 7.09* 8.93; 7.47
+5 7.70; 7.51 9.47; 7.10** 8.55; 7.36
+6 8.04; 7.43 10.97; 6.92*** 9.60; 7.50
+7 7.60; 7.87 9.50; 7.29* 9.97; 7.70
+8 7.89; 8.05 10.40; 7.77** 9.61; 8.33
+9 8.11; 8.15 11.19; 8.30** 10.15; 8.50
Mean per year, year 1–9 8.23; 7.54** 9.94; 7.31*** 9.90; 7.72*
Year 0 is the injury year (1996).
*Significantly more GP service use than controls, Wilcoxon test (p<0.05). **p<0.01, ***p<0.001.
GP, general practitioners.
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had a higher GP service only the year after the injury
year (table 3). The use of physiotherapy was increased
the years 1 and 2 after the injury year (table 4). During
the years 1–9 patients with PF were on average annually
admitted 0.42 times, treated as outpatients 3.52 days,
had 9.9 GP services, and were treated 6.2 times by
physiotherapists.
Comparison of injury types
For the mean health service use during the years 1–9
only few differences were found between the three
injury types. Patients with SCI were more often admitted
than were the patients with TBI and PF. Further, patients
with SCI had a considerably larger use of physiotherapy
than had patients with TBI and PF. There were no differ-
ences in the mean use of GP services and of outpatient
treatments between the three patient groups.
DISCUSSION
The present study is based on a well-deﬁned study and
reference population identiﬁed by register data that
cover the total adult population. The national health
registers include data about hospital contacts and use of
primary healthcare services.17 Contacts with private hos-
pitals may not be included in the national patient regis-
ter; however, these contacts only contribute less than 3%
of the total number of outpatient contacts and 1% of all
admissions.18 All data about health service use are regis-
tered using the unique person number that made it pos-
sible to obtain information about health service use in
the study and control groups during the follow-up
period.
Patients with the three studied types of injury had an
increased use of health services compared to a matched
reference group during the follow-up period. However,
the amount, duration and type of health service use dif-
fered between the types of injury. Patients with SCI had
the highest use of health services, about three times
more admissions and six times more physiotherapy use
compared to the controls. The level of use remained
that high 9 years after the injury year. For patients with
TBI the number of hospital admissions was increased
most of the 9 years after the injury year, while outpatient
treatments and the use of GP services approached the
baseline level year 4 after the injury year. For patients
with PF the health service use approached baseline level
year 2 after the injury year; although not signiﬁcant, the
use of physiotherapy among patients with PF was above
baseline level 5 years after the injury year.
Our results concern the age-group of 20-year-olds to
64-year-olds, whereas several previous studies of health
service use after severe traumatic injuries include either
older or younger age-groups, hence, results are not dir-
ectly comparable. A Canadian study of SCI included
patients 70 years old and above, and reported a higher
contact rate to physicians 1 year after the injury year
than did our study,11 and a study by Becker et al10 of PF
patients based on US Medicare data and thus including
mainly older patients reported a higher use of GP ser-
vices 6 months postinjury than our study. However, the
frequency of hospital admission among patients with
SCI in our study is comparable to a Canadian study that
followed 223 SCI patients 6 years postinjury.5
A US study of healthcare use among paediatric
patients with TBI reported about the same level of
physiotherapy use as we observed among 20-year-olds to
64-year-olds in our study but found a lower rate of GP
contacts.19 In accordance with our results few studies
report long lasting increase in the use of health services
after PF.20
The level of healthcare use may depend on the health-
care system. In Denmark most treatments are free of
charge or only partly paid by the patient. Further, differ-
ent services are included. For example, physiotherapy
may include both individual treatments and training in a
group. This may be part of the explanation to the rela-
tively frequent use of, for example, physiotherapy.
There are, however, some limitations to the present
study. The case identiﬁcation is based on the National
Hospital Register and, thus, depends on the validity of
this register. In general, the data in the National
Hospital Register are found to be valid, however depend-
ing on diagnosis; about 79% of the injury diagnoses
were correct.17 In the present study, we included diagno-
ses that were not speciﬁc, like S32.8, fracture of other
and unspeciﬁed parts of lumbar spine and pelvis. This
limited the possibility to study more speciﬁc injury
groups. Because the study is based on administrative
data reporting of services may change during the
period, the numbers should be interpreted with care. In
some cases a few persons uses a relatively large part of
the services.
Patients treated during 1996 for other injuries with
lifelong consequences according to Haagsma et al15 were
excluded from the study. This may result in underestima-
tion of the effect of the injury.
In order to solely include incident cases in 1996, we
excluded cases registered with the same or similar diag-
noses during 1978–1995. However, some of the patients
treated in 1996 may have been injured before 1978 and
not treated during the period 1978–1995. This may
result in a larger health service use in the patient group
at baseline. Due to the matching by health service use
there may also be a larger health service use in the
control group.
CONCLUSION
TBI and SCI increased the use of health services over a
period of 9 years after the injury year, while most of the
health service use after PF returned to baseline 2 years
after the injury year.
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